Objective: To evaluate the efficacy of a surgical safety checklist (SSC) in reducing perioperative and postoperative complications. Study design: Before-and-after intervention study. Animals: Client-owned dogs (n = 633) and cats (n = 44). Methods: Consecutive surgeries were enrolled in the study. The "before" phase consisted of 267 surgeries performed without an SSC (SSC − ) followed by 75 SSC − surgeries in which a trained observer was in the operating room to detect possible complications. An SSC was then implemented in the operating rooms during 1 week. The "after" phase consisted of 58 surgeries in which a safety checklist (SSC + ) and an observer were used and 277 SSC + surgeries without an observer.
| INTRODUCTION
The number of hospitals implementing a surgical safety checklist (SSC) has been increasing worldwide in human medicine. 1, 2 In the United Kingdom, the National Patient Safety Agency mandated all National Health Services Trusts in England and Wales to implement the World Health Organization (WHO) SSC. 3 The WHO SSC was established in 2008 to ensure consistent surgical care and adherence to safety practices. 4 The SSC consists of a series of inquiries or assurances designed to confirm patient identity prior to anesthetic induction, before an incision is made, and prior to the patient leaving the operating room (OR). 4 Since implementation of the WHO SSC, there have been multiple reports of improved detection of safety hazards, decreased overall surgical complication rates and in-hospital mortality, and improved communication between OR personnel. [5] [6] [7] [8] [9] [10] The report of one of the original prospective studies on implementing the WHO SSC across 8 hospitals worldwide concluded that the rate of surgical complications at all sites dropped from 11.0% to 7.0% after introduction of the checklist, and the total in-hospital rate of death dropped from 1.5% to 0.8%. 4 Postoperative complication rates fell by 36% on average, and mortality rate fell by a similar amount. 4 In addition, this study used a local data collector trained to identify and report complications. 4 In human medicine, the addition of an observer is thought to be beneficial in detecting, recording, and documenting surgical complications. 4, 7, 8 Following the publication of these results, there has been some controversy in the literature regarding the benefit of SSC only use within certain institutions and whether the benefits that are measured result from the surgical checklist or confounding factors such as increased communication within the OR. 2, 11 It has been the authors' experience that surgical complications are often reported within the medical record for both human and veterinary patients, but most institutions do not keep a general record of all surgical complications at their facility. As a result, identifying strategies to lower complication rates and associated morbidity and mortality is challenging. Although veterinary hospitals are, anecdotally, increasing their adoption of these checklists, minimal information has been published regarding the use and application of SSC. In a recent study from a small animal teaching hospital, the researchers found that the rate of postoperative complications was reduced from 17% to 7% with the use of an SSC adapted from the WHO surgical checklist. In a study by Bergstrom et al, 12 surgical site infections (SSI) and wound healing complications were more common in animals operated on without a surgical safety checklist. In the Bergstrom et al 12 study, postoperative complications included the requirement for a blood transfusion, unplanned reoperation, SSI, wound healing, respiratory, circulatory, urogenital, gastrointestinal, neurologic, systemic inflammatory response syndrome (SIRS) or multiple organ dysfunction syndrome (MODS), and death. In-hospital outcomes were prospectively recorded and complications within 6 weeks were retrospectively recorded by reviewing medical records and by telephone communication with owners. 12 Because of the limited evidence in veterinary medicine, more research is required to evaluate the purported benefits of SSC in veterinary medicine. In addition, methods of data collection, in particular the use of an observer within the OR, should be compared. This additional data will contribute to evidence-based medicine and support the implementation of SSC in veterinary medicine. The objective of this study was to evaluate the implementation of an SSC within a small animal veterinary teaching hospital in North America and its effect on perioperative and postoperative surgical complications. A secondary objective of this study was to assess the collection of data related to complications with and without an observer in the operating room. Our hypothesis was that perioperative and postoperative complications would be more common during a 3-month period prior to implementation of an SSC than during a 3-month period after implementation.
| MATERIALS AND METHODS
This study was designed to evaluate perioperative and postoperative complications in dogs and cats undergoing neurologic, orthopedic, oncologic, and soft tissue surgeries before and after implementation of an SSC as well as with/without a prospective observer in the operating room ( Figure 1 ). For each patient, the following information was collected from medical records: species, breed, sex, neuter status, age, body condition score, American Society of Anesthesiologists (ASA) score, whether the surgical procedure was emergent, anesthesia time, surgery time, and administration of perioperative and/or postoperative antibiotics. In addition, the following comorbidities were recorded from the medical records for each patient: hyperadrenocorticism, hypoadrenocorticism, hypothyroidism, hyperthyroidism, upper airway disease, diabetes, immunosuppressive disease, or other. Surgeries were also subclassified by the investigators as FIGURE 1 Flow chart illustrating the study's timeline before and after implementation of the surgical safety checklist (SSC) thoracic, gastrointestinal, abdominal, spay/neuter, tibial plateau leveling osteotomy, other joint surgery, fracture, wound management, cutaneous surgery, neurological, other soft tissue, amputation, oral surgery, other orthopedic surgery, and urogenital surgery.
| Sample size calculation
Sample size was calculated with a 2-sided z-test on the basis of results reported in the Bergstrom at al 12 study, with a decrease in overall complications from 17% to 7%. A sample size of 220 cases per group would be required to achieve 90% power and detect a 10% difference in the overall complications between groups. The sample size calculation was performed in a commercially available sample size calculation package (PASS 13 2014; NCSS; Kaysville, Utah; ncss. com/software/pass).
| Data preceding the implementation of the checklist
In the preimplementation phase of this study, dogs and cats that had undergone surgery were retrospectively identified from anesthesia records between March 1 and May 31, 2017. Data collected included anesthesia reports, surgery reports, treatment sheets, and patient discharge instructions.
Complications were recorded from the medical records if they occurred during the perioperative or postoperative period. For the purpose of this study, the postoperative period was defined as up to 10 days after surgery. For 3 weeks after this period (June 5-23, 2017), an observer (BMM) spent time in the OR during business hours observing anesthetic and surgical procedures and recording whether errors or complications occurred during anesthetic induction, surgery, and recovery periods (ie, until patient extubation). The observer had spent time observing surgical procedures prior to the study, and the types of complications and criteria for attribution of complications were discussed with a board-certified surgeon prior to starting their position. A complication in this study was defined as any deviation from the normal perioperative or postoperative course. An overview of what was considered a complication for the purposes of this manuscript can be found in Appendix A.
| Implementation of the surgical safety checklist
The WHO SSC (Appendix B) was used as the basis for creating an institutional SSC (Appendix C) that was customized through consultation with institutional surgeons, anesthesiologists, and surgical and anesthesiology technicians. The SSC was explained to all staff members through a series of meetings. The checklist was implemented during a 1-week training period (June [26] [27] [28] [29] [30] 2017 ) under the guidance of the observer. This training period occurred after data collection had been completed from the preimplementation group. The checklist consisted of a series of questions asked to members of the surgical and anesthesia teams at the beginning of 3 critical "check points" (1) prior to induction, (2) before skin incision, and (3) before recovery. Each checklist item was manually checked as it was confirmed to be complete. The surgical technician was responsible for ensuring that the checklist was completed in its entirety.
| Data after implementation of the checklist
After the training period had been completed, the SSC was implemented in all elective and emergent neurologic, orthopedic, oncologic, and soft tissue surgeries performed at our institution during business hours. During another 3-week period (July 3-21, 2017), the same observer witnessed surgeries within the OR and recorded perioperative complications. Data were recorded and categorized in the same manner as before implementation of the checklist. Finally, a 3-month retrospective analysis was performed (August 1-October 31, 2017) of all soft tissue, orthopedic, oncologic, and neurologic surgeries. Data collection was performed as described previously.
Dogs and cats were excluded from the study if they had a surgical procedure that was not classified as a neurologic, orthopedic, oncologic, and/or soft tissue surgery such as patients undergoing ophthalmic or dentistry procedures. In addition, when follow-up information could not be obtained from either a telephone communication, in person evaluation at our institution, or the primary veterinarians' medical records 10 days postoperative or later, the animal was excluded from the study.
Complications were classified into 1 of 14 categories on the basis of both the WHO surgical checklist evaluation and those proposed in the evaluation described by Bergstrom et al. 3, 12 These categories and their corresponding complications are summarized in Appendix A. The definition of SSI used in this study is that of the Centers for Disease Control (CDC), which defines SSI as an infection that occurs after surgery in the part of the body where the surgery took place, including superficial infections involving the skin only. 13 The definition of SIRS, for the purpose of this study, was 2 or more of the following: rectal temperature > 39.2 C (102.6 F) or < 37.8 C (100 F), heart rate > 120 beats/ min, respiratory rate > 20 breaths/min, WBC > 16 000 or < 6000 cells/mL, or > 3% band neutrophils identified on CBC.
14 One of the authors of this study was unaware of SSC assignment and reviewed all recorded complications. The masked author (MTC) classified the complications as mild, moderate, or severe, as previously described. 12 A complication was classified as mild if the complication resolved spontaneously with no or minimal additional treatment; moderate if additional medical or surgical treatment was required and the animal's general condition was minimally affected; and severe if prolonged hospitalization or repeated surgical intervention were required or if surgical failure or life threatening conditions developed. 12 Finally, each surgical procedure was classified as clean, clean-contaminated, contaminated, or dirty as defined by the CDC. 13 
| Statistical analysis
Continuous data were tested for normality with histograms, skewness, kurtosis, and Shapiro-Wilk tests and described by using mean and standard deviation if normally distributed or median and range if nonnormally distributed. Frequencies and percentages were used to describe categorical data. Baseline and perioperative variables were statistically compared between groups in which surgeries were performed with an SSC (SSC + ) and in which surgeries were performed without an SSC (SSC − ); for continuous variables that were nonnormal distributions, a Kruskal-Wallis test was used. Categorical variables were compared between SSC + and SSC− groups by using χ 2 or Fisher's exact tests. Binomial exact methods were used for calculation of 95% CI for proportions. Univariable logistic regression analysis was used to test for associations between different variables and development of ≥ 1 complication. Variables assessed for associations with development of ≥ 1 complication included species, gender, neuter status, age, body condition score, ASA score, anesthesia time, surgical time, whether the procedure was an emergency procedure, presence of comorbidities, use of perioperative or postoperative antibiotics, surgical wound classification, and whether an observer was present. Multivariable logistic regression was performed by using variables with P < .2 in the univariable analysis. Backward selection was used with retention of α < .05 to stay in the model. Adjusted odds ratios and 95% CI were generated. Statistical significance was set at α = .05; statistical analysis was performed in a commercially available software package (SAS version 9.4; SAS Institute, Cary, North Carolina).
| RESULTS

| Surgeries
In total, 715 surgeries were performed during the study period; 38 of those were excluded, so 677 procedures remained in the statistical analysis (Figure 2 ). There were 267 consecutive surgeries performed during weekday daytime hours before SSC implementation. This phase was followed by 75 consecutive cases occurring during daytime weekday hours before implementation of the SSC under the observation of the observer. In total, 58 surgeries were performed with an observer and an SSC. Finally, there were 277 consecutive cases occurring during weekday daytime hours after implementation of the SSC ( In total, 238 cases were diagnosed with 1 or more perioperative or postoperative complications ( The results of the univariable and multivariable logistic regression analyses are summarized in Tables 3 and 4 . The implementation of an SSC was associated with a 40% decrease in odds of occurrence of ≥1 surgical complication compared with no use of a checklist (odds ratio, 0.6; 95% CI, 0.5-0.9; P = .0094) with adjustment for presence of an observer, ASA score, and anesthesia time.
| DISCUSSION
The main finding of this study is that implementing an SSC in our teaching hospital decreased the odds of surgical complications. There was no difference in distribution of the baseline demographics of our population, including species, gender, neuter status, body condition score, and age in the SSC + and SSC − groups. This study included a mixed population of animals presented for surgical interventions at our institution, with a predominance of dogs. There were some differences in distribution of patients in the SSC + of circulatory complications, minor hemorrhage or hypothermia may not have been considered a surgical complication in the Bergstrom et al study, whereas it was in our study. Definition of complications will improve repeatability of studies and fostering uniformity of evaluation between evaluators and studies.
In addition, we report a 40% decreased odds of occurrence of ≥ 1 surgical complication with use of an SSC compared with no surgical checklist with adjustment for presence of an observer, ASA score, and anesthesia time. In many reports of human medicine studies, the success of implementation of an SSC in decreasing both postoperative complications and mortality rates has been documented. [5] [6] [7] [8] [9] [10] To the best of the authors' knowledge, only 1 study in the veterinary literature has documented the benefits of an SSC for decreasing complications, but with no documentation regarding mortality. 12 Just as was the case in the Bergstrom et al 12 study, we did not document an impact on mortality after the implementation of an SSC. This discrepancy between studies in man and animals may result from the high volume of cases reported in man (type II error in veterinary studies), differences in the types of procedures being performed, the numbers of procedures that are complex and at high risk for mortality in man, and the significant comorbidities in human patients that may not be experienced in our animal population. In addition, many owners may choose to euthanize a pet rather than proceed with a complex surgical procedure that would be performed in a person. A large number of cases would likely be required to evaluate for effects of an SSC on perioperative mortality in animals, increased odds of complications occurring with adjustment for checklist performance, ASA score, and presence of an observer.
and the inclusion of cases presenting on an overnight emergency basis may increase the number of cases with a higher risk of mortality. Some controversy exists in the human literature regarding the success of the SSC, with some authors reporting substantial decreases in complication rates (34%-67%), whereas others found no substantial change. 2, 15, 16 Additional studies are required in different patient populations and settings in veterinary medicine to evaluate the effects of implementation of SSC.
Other factors beside the SCC were associated with surgical complications in this study, including ASA score, presence of an observer in the operating room, and anesthesia time. The ASA score, which is based on the Physical Status Classification System of the American Society of Anesthesiologists, indicates the stability and risk of patient anesthesia. 17 At our institution, the ASA score of each patient is determined prior to undergoing anesthesia and recorded on their anesthetic records. Animals with higher severity of disease receive higher ASA scores, which have been correlated with greater anesthetic complication rates. [18] [19] [20] Additional evaluation is required to determine its effect on risk of surgical complications with implementation of an SSC. The presence of an observer was associated with increased odds of complications, likely because of increased detection of complications. Indeed, the observer can constantly survey patient's vital signs while under anesthesia. Mild circulatory complications such as hypothermia or hypotension may be more often detected by an observer than by an investigator reading an anesthesia record. Furthermore, the observer was able to report and distinguish mild or moderate intraoperative complications such as hemorrhage, which may be underreported. An observer is used in SSC studies in people as an additional tool to note intraoperative complications. 4, 7, 8 However, this direct observation by an observer may lead to the Hawthorne effect; communication and leadership may increase in the OR as a result of the presence of the observer and not the implementation of the checklist itself. 15 In our study, the presence of an observer was an independent risk factor for occurrence of complications as was surgical checklist implementation; therefore, we believe that it is unlikely that the use of an observer induced the Hawthorne effect in our study population. Rather, it is likely that the use of the surgical checklist itself was responsible for the decrease in the rate of complications. Anesthesia time was associated with increased odds of complications with every additional hour of anesthesia, resulting in a 36% increased odds of complication occurrence. Anesthesia length is established as a risk factor for some complications such as circulatory complications (eg, hypothermia 21, 22 and SSI. 23, 24 In addition, more difficult surgeries may last for longer periods under anesthesia, requiring more time to prepare and more surgical time. These surgeries may have higher inherent risks of complications such as hemorrhage. Additional evaluation is required to determine its effect on risk of surgical complications with implementation of an SSC. Surgical site infections were more common with SSC − surgeries than with SSC + surgeries, as reported by Bergstrom et al. 12 However, by contrast, we could not confirm a higher frequency of wound-related complications in SSC − surgeries. In the current study, consecutive surgeries during a set period were included with no randomization or matching of the type or classification of surgical procedures performed. As a result, more clean-contaminated and dirty procedures were performed prior to the use of the SSC, and more contaminated procedures were performed after SSC implementation. Although the distribution of CDC surgical classification differed between groups, this variable was not independently associated with occurrence of complications in the multivariable logistic regression analysis, nor was this variable identified as a confounder in our analysis. Administration of antibiotics was a specific question on the SSC, so adherence to perioperative antibiotic administration protocols may have improved after checklist implementation, resulting in a decreased rate of infection. 25 One limitation in this study is that bacterial culture was not required to confirm the presence of a SSI, contrary to the CDC definition. SSI complications may therefore have been overestimated in our study. However, the CDC definition of SSI reflects a practical assessment of this complication in the clinical setting. Neurological complications were more common in the SSC − group as well, representing only 11 surgeries. The most common neurological complications consisted of seizures and facial nerve paralysis (often from a total ear canal ablation procedure). It is difficult to hypothesize why the SSC may have altered neurological complication risk with the types of complications documented; this could represent a type I error or differences in the surgical procedures being performed during these periods. Both SSI and neurological complication results were based on unadjusted analyses and may therefore have been influenced by confounders (ie, anesthesia time, ASA score, etc.). Additional multivariable analyses were not performed on these individual complication types because of the small sample. This study was not designed to evaluate the influence of the SSC on communication. The entire team using the SSC was consulted during the design and customization of the institutional checklist used for this study. During the initial training period, all surgeons and residents were happy to accommodate checklist use within their workflow, and there was no resistance to global use within our center. The surgical technicians had primary responsibility for inducing the critical "stop points" and ensured that the checklist was used for all cases during business hours. The SSC has since remained embedded in our surgical case workflow. The authors also observed greater confidence in communication between technicians, anesthesia team, and surgical team, including reporting possible errors or problems.
Possible limitations to this study include the categorization of surgical complications as those occurring within the first 10 days after surgery. According to CDC guidelines, complications such as SSI or implant associated infections can develop within 30-90 days after surgery. 26, 27 Surgical complications including SSI may have occurred after postoperative day 10, leading to potential underestimation of the frequency of these complications in our study. However, limiting our postoperative assessment to 10 days ensured that few patients were lost to follow-up and allowed detection of acute direct complications attributed directly to surgery in our institutional patient population while reducing bias resulting from loss of patients to follow-up. The retrospective nature of the study can also result in limitations because complications may not have been properly recorded in the medical record, or recall bias may occur because owners may not remember the complications that occurred.
Postoperative complications, such as gastrointestinal upset (if multiple pets resided in the household) or neurologic episodes such as seizures, may have also been missed completely after animals were discharged to home. Another limitation involves case numbers; in total, 134 surgeries evaluated by the observer were included in this study. This is a relatively small sample, and additional studies should be performed to evaluate fully the benefit of the presence of a prospective observer during studies evaluating implementation of an SSC. Finally, the observer was not masked to SSC use, which could have resulted in bias. Our study supports the implementation of an SSC to decrease overall perioperative/postoperative complications and SSI in the surgery department at an academic teaching hospital. In addition, our findings encourage additional study of implementation of SSC in different veterinary patient populations and settings.
APPENDIX A: COMPLICATION CATEGORIES USED IN THIS STUDY AS WELL AS THE ASSOCIATED COMPLICATIONS SEEN AT THIS INSTITUTION Complication category
Associated complications Circulatory
• Hemorrhage
• Cardiac arrhythmias
• Hypothermia (< 98.5 F)
• Hypotension (cat systolic < 80 mm Hg, dog systolic < 60 mm Hg)
Gastrointestinal
• Vomiting
• Regurgitation
• Prolonged anorexia > 3 days
• Pancreatitis (based on clinical signs)
Return to the operating room > 24 hrs
• As defined in category
Return to the operating room < 24 hrs 
